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PURPOSE: To maintain the stable white luminescence 
characteristic over a long period by laminating a blue luminescence 
layer and a green luminescence layer in sequence from a positive 
hole transportation layer side on an organic luminescence layer, and 
providing a region containing a red fluorescent dye on the green 
luminescence layer. 

CONSTITUTION: Conducting layers 2a, 2b and a positive hole 
transportation layer 3 are provided on a substrate 1 , and an organic 
blue luminescence layer 4 is provided on the layer 3. The layer 4 is 
made of a compound capable of efficiently transporting the 
electrons implanted from a cathode in the direction of the layer 3 
between electrodes applied with the electric field. The compound 
having high electron implantation efficiency from the layer 2b and 
capable of efficiently transporting the implanted electrons is used 
for the layer 4. An organic green luminescence layer 5 is provided 
on the layer 4, and a compound having high electron implantation 
efficiency from the layer 2b and capable of efficiently transporting the implanted electrons is used for the 
layer 5 like the material used for the layer 4. A region containing a red fluorescent dye is provided on the 
layer 5. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are the organic electroluminescence devices characterized by a green luminous layer having 
a field containing a red fluorochrome by being the organic electroluminescence devices which have at least 
the electron hole transporting bed and the organic luminous layer which were pinched by an anode plate 
and cathode on the substrate, and an organic luminous layer coming to carry out the laminating of a blue 
luminous layer and the green luminous layer to order from an electron hole transporting-bed side. 
[Claim 2] Organic electroluminescence devices according to claim 1 in which a blue luminous layer contains 
a blue fluorochrome. 

[Claim 3] Organic electroluminescence devices according to claim 1 in which a green luminous layer 
contains a green fluorochrome. 

[Claim 4] Organic electroluminescence devices according to claim 1 which either [ at least ] an anode plate 
or cathode is light-transmission nature, and prepared the light-filter layer in the near field in which the 
electron hole transporting bed or the organic luminous layer of this light-transmission nature electrode is 
not formed. 

[Claim 5] Organic electroluminescence devices according to claim 4 characterized by having prepared the 
active-matrix circuit on the same substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the thin film type device which emits light, applying electric 
field to the luminous layer which consists of an organic compound in detail about organic 
electroluminescence devices. 
[0002] 

[Description of the Prior Art] Although what doped Mn which is an emission center, and rare earth 
elements (Eu ( Ce, Tb, Sm, etc.) is common to ZnS, CaS, SrS, etc. which are the II-VI group compound 
semiconductor of inorganic material as a thin film type electroluminescence (EL) element conventionally 
The EL element produced from the above-mentioned inorganic material has the high (-200V) trouble that 
the cost of difficulty (especially blue is a problem) and 4 circumference drive circuits has the high 
formation of the need (50-1000Hz) and 2 driver voltage 3 having 1 full color alternating current drive. 
[0003] However, development of the EL element using the organic thin film came to be performed in recent 
years for improvement of the above-mentioned trouble. In order to raise luminous efficiency especially, the 
electrode kind aiming at the improvement in efficiency of carrier pouring from an electrode is optimized, 
and as compared with the electroluminescence devices using single crystals, such as the conventional 
anthracene, the extensive improvement of luminous efficiency is made by development (refer to 
Appl.Phys.Lett, 51 volumes, 913 pages, and 1987) of the organic electroluminescence devices which 
prepared the organic luminous layer which consists of an aluminum complex of an organic electron hole 
transporting bed and 8-hydroxyquinoline which consists of an aromatic diamine. 

[0004] As great expectation for organic electroluminescence devices, the application to a full color display 
device is mentioned. Two methods can be considered in order to perform a full color display using organic 
electroluminescence devices. One is the method of arranging each light-emitting part of blue, green, and 
red to a plane. Although considering as the method of arranging an organic light-emitting part in this way, 
and carrying out with a vacuum evaporationo mask is indicated (refer to JP,3-187192,A), it is difficult to 
form a detailed array pattern by this method, or to carry out patterning of parts for many display. Although 
patterning by the photolithography is also considered, it is very difficult for the electron hole transportation 
material and luminescent material which are used for organic electroluminescence devices to repeat a 
photolithography process to eye a meltable hatchet, and to make an organic solvent arrange each light- 
emitting part of blue, green, and red to it Furthermore, it is mentioned that the color purity of 
luminescence of organic electroluminescence devices is also inadequate as a fault of this method. 
[0005] It is possible to divide the light from a white light emitting device into the pixel of blue, green, and 
red, using a light filter as another method. Although the organic electroluminescence devices which carry 
out white luminescence were required of this method, the white light emitting device using the conventional 
tetrapod phenyl butadiene derivative of the luminescence property was inadequate (refer to JP.4-88079.A 
and JP,5-94875,A). 
[0006] 

[Problem(s) to be Solved by the Invention] As mentioned above, although it is thought realistic that the 



combination of the organic electroluminescence devices which carry out white luminescence for producing 
a full color display device using organic electroluminescence devices, and a light filter attains, 1 luminous 
efficiency is low to the organic electroluminescence devices of white luminescence, and troubles, like there 
is no long-term stability by degradation of crystallization of 3 organic layers which balance of 2 blue from 
which high brightness is not obtained, green, and each red luminescence intensity cannot take easily etc. 
are mentioned to them. 

[0007] The actual condition is that the full color display device using the organic electroluminescence 
devices of an above-mentioned reason to white luminescence has many problems for utilization. 
[0008] 

[Means for Solving the Problem] In view of the above-mentioned actual condition, this invention person etc. 
has high luminescence brightness, and tends to maintain the color balance of white luminescence. And the 
result wholeheartedly examined for the purpose of offering the organic electroluminescence devices which 
can maintain a stable luminescence property over a long period of time, An organic luminous layer comes 
to carry out the laminating of a blue luminous layer and the green luminous layer to order from an electron 
hole transporting-bed side, and it finds out that it is suitable to have the field where a green luminous layer 
contains a red fluorochrome, and came to complete this invention. 

[0009] That is, the summaries of this invention are organic electroluminescence devices which have at 
least the electron hole transporting bed and the organic luminous layer which were pinched by an anode 
plate and cathode on the substrate, and it consists in the organic electroluminescence devices which an 
organic luminous layer comes to carry out the laminating of a blue luminous layer and the green luminous 
layer to order from an electron hole transporting-bed side, and are characterized by a green luminous layer 
having a field containing a red fluorochrome. 

[0010] Hereafter, the organic electroluminescence devices of this invention are explained according to a 
drawing. Drawing 1 is the cross section showing typically the example of structure of the organic 
electroluminescence devices of this invention, in a substrate, and 2a and 2b, an electron hole transporting 
bed and 4 express an organic blue luminous layer, and, as for 5, a conductive layer and 3 express [ 1 ] an 
organic green luminous layer respectively. Although a substrate 1 serves as a base material of the organic 
electroluminescence devices of this invention and the board of a quartz or glass, a metal plate, a metallic 
foil and plastic film, a sheet, etc. are used, transparent synthetic-resin substrates, such as a glass plate, 
and polyester, polymethylmethacrylate, a polycarbonate, the poly ape phone, are desirable. 
[0011] Although conductive-layer 2a is prepared on a substrate 1, as this conductive-layer 2a, it is usually 
constituted by conductive polymers, such as metallic oxides, such as an oxide of metals, such as aluminum, 
gold, silver, nickel, palladium, and a tellurium, an indium, and/or tin, copper iodide, carbon black, or poly (3- 
methylthiophene), etc. Although formation of a conductive layer is usually performed in many cases by the 
sputtering method, the vacuum deposition method, etc., in the case of metal particles, such as silver, or 
copper iodide, carbon black, a conductive metallic-oxide particle, a conductive polymer impalpable powder, 
etc, a suitable binder resin solution can be distributed, and it can also form in them by applying on a 
substrate. Furthermore, in the case of a conductive polymer, a thin film can be formed on a direct 
substrate by electrolytic polymerization, or it can also apply and form it on a substrate (refer to 
Appl.Phys.Lett, 60 volumes, 271 1 pages, and 1992). The above-mentioned conductive layer can also carry 
out a laminating by different matter. Although the thickness of conductive-layer 2a changes with 
transparency to need, when transparency is needed, it is desirable for the permeability of the light to 
penetrate 80% or more preferably 60% or more, and 5-1000nm of thickness is usually about 10-500nm 
preferably in this case. When opaque and good, even when conductive-layer 2a is the same as that of a 
substrate 1 , it is good. 

[0012] In the example shown in drawing 1 , conductive-layer 2a plays the role of a hole injection as an 
anode plate (anode). On the other hand, conductive-layer 2b plays the role which pours an electron into 
the organic luminous layer 4 as cathode (cathode). Although the material used as conductive-layer 2b can 
use the material for [ aforementioned ] conductive-layer 2a, in order to perform an electron injection 
efficiently, the low metal of a work function is desirable and suitable metals or those alloys, such as tin, 



magnesium, an indium, aluminum, and silver, are used. The thickness of conductive-layer 2b is usually the 
same as that of conductive-layer 2a. Moreover, although not shown in drawing 1 , the still more nearly 
same substrate as a substrate 1 can also be prepared on conductive-layer 2b. However, at least one side 
of conductive layers 2a and 2b needs the good thing of transparency as an EL element. From this, as for 
one side of conductive layers 2a and 2b, it is desirable that it is 10-500nm thickness, and a good thing of 
transparency is desired. 

[0013] Although the electron hole transporting bed 3 is formed on conductive-layer 2a, as an electron hole 
transportation material, the hole-injection efficiency from conductive-layer 2a is high, and it is required to 
be the material which can convey the poured-in electron hole efficiently. For that purpose, ionization 
potential is small, moreover, hole mobility is large, it excels in stability further, and it is required that it 
should be hard to generate the impurity used as a trap at the time of manufacture and use. 
[0014] As such an electron hole transportation compound, for example JP,59-194393,A, Are indicated by 
U.S. Pat. No. 4,175,960, U.S. Pat No. 4,923,774, U.S. Pat. No. 5.047,687, etc. N, N'-diphenyl - N, N* - (3- 
methylphenyl) -1, the 1'-biphenyl -4, a 4-diamine, A 1 and 1 '-screw (4-G p-tolylamino phenyl) 
cyclohexane, Aromatic-ami ne system compounds, such as a 4 and 4'-screw (N-(1-naphthyl)-N- 
phenylamino) biphenyl, The hydrazone compound indicated by JP.2-31 1591, A, the silazane compound 
indicated by the U.S. Pat. No. 4,950,950 official report, a Quinacridone compound, etc. are mentioned. 
These compounds may be used independently, and you may use them if needed, mixing respectively. In 
addition to the above-mentioned compound, polymeric materials, such as a polyvinyl carbazole and 
polysilane (refer to Appl.Phys.Lett, 59 volumes, 2760 pages, and 1991), are mentioned. 
[0015] The above-mentioned organic electron hole transportation material forms the electron hole 
transporting bed 3 by carrying out a laminating on the aforementioned conductive-layer 2a by the applying 
method or the vacuum deposition method. In an application, the application solution which added additives, 
such as a binder resin which does not become a hole trap according to one sort or two sorts or more, and 
the need about an organic electron hole transportation compound, and application nature improvement 
agents, such as a leveling agent, and dissolved is adjusted, and it applies on conductive-layer 2a by 
methods, such as the spin coat method, and it dries and the organic electron hole transporting bed 3 is 
formed. A polycarbonate, a polyarylate, polyester, etc. are mentioned as a binder resin. Since it will reduce 
hole mobility if a binder resin has many additions, its fewer one is desirable and its 50 or less % of the 
weight is desirable. 

[0016] After in the case of a vacuum deposition method usually paying organic electron hole transportation 
ingredients to the crucible installed in the vacuum housing and exhausting the inside of a vacuum housing 
with a suitable vacuum pump at about 10 to 6 Torrs, a crucible is heated, electron hole transportation 
material is evaporated, and a layer is formed on the substrate which faced each other with the crucible and 
was placed. When forming an organic electron hole transporting bed, it is still more possible as an acceptor 
to dope the metal complex of an aromatic carboxylic acid and/or a metal salt (to refer to JP,4-320484,A), 
a benzophenone derivative and a thio benzophenone derivative (to refer to Japanese Patent Application No. 
No. 106977 [ four to ]), and fullerene (to refer to Japanese Patent Application No. No. 144479 [ four to ]) 
by 10-3 to 10% of the weight of concentration, to make the electron hole as a free carrier generate, and to 
consider as a low-battery drive. 

[0017] 10-300nm of thickness of the electron hole transporting bed 3 is usually 30-100nm preferably. Thus, 
in order to form a thin film uniformly, a vacuum deposition method is used well. As a material of the 
electron hole transporting bed 3, it is also possible to use inorganic material instead of an organic 
compound. The conditions required of inorganic material are the same as an organic electron hole 
transportation compound. 

[0018] As inorganic material used for the electron hole transporting bed 3, p type hydrogenation amorphous 
silicon, p type hydrogenation amorphous carbonization silicon, p type hydrogenation microcrystal nature 
carbonization silicon or p type zinc sulfide, p type zinc selenide, etc. are mentioned. These inorganic 
electron hole transporting beds are formed of CVD, a plasma CVD method, a vacuum deposition method, a 
spatter, etc. 10~300nm is usually 30-100nm preferably like [ the thickness of an inorganic electron hole 



transporting bed ] an organic electron hole transporting bed. 

[0019] Although the organic blue luminous layer 4 is formed on the electron hole transporting bed 3, the 
organic blue luminous layer 4 is formed from the compound which can convey efficiently the electron 
poured in from cathode in inter-electrode [ which was able to give electric field ] in the direction of an 
electron hole transporting bed. As a compound used for the organic blue luminous layer 4, the electron- 
injection efficiency from conductive-layer 2b is high, and it is required to be the compound which can 
convey the poured-in electron efficiently. For that purpose, to be the compound which the impurity which 
an electron affinity is large, and electron mobility is moreover large, is further excellent in stability, and 
serves as a trap cannot generate easily at the time of manufacture and use is demanded. Moreover, the 
role which brings about blue luminescence in the case of the reunion of an electron hole and an electron is 
also ********. Furthermore, it is also important to give a uniform thin film configuration in respect of the 
stability of an element. 

[0020] Oxazole metal complex expressed with the following general formula as a material which fulfills such 
conditions (refer to Japanese Patent Application No. No. 127452 [ five to ]); 



[0022] the inside of a formula, R1, or R8 — each — independent — a hydrogen atom and a halogen atom - 
- An alkyl group, an aralkyl machine, an alkenyl machine, an allyl group, a cyano group, the amino group, An 
amide group, an alkoxy carbonyl group, a carboxyl group, an alkoxy group, the aromatic-hydrocarbon 
machine or aromatic heterocycle machine which may have the substituent is shown, M shows Be, Zn, Cd, 
aluminum, Ga, In, Sc. Y, Mg, calcium, Sr, Co, Cu, or nickel, and n is the integers from 1 to 3 JISUCHIRIRU 
benzene derivative shown in the following structure expression (refer to the Chemical Society of Japan, 
1162 pages, 1992; application physics, 62 volumes, 1015 pages, and 1993); 
[0023] 
[Formula 2] 

R" R« 



[0024] (— the inside of a formula, R9, or R12 — each — alkyl groups, such as a hydrogen atom, a methyl 
group, and t-butyl, etc. are shown independently OKISA diazole derivative (refer to Chemical Society of 
Japan, 1540-page, and 1991); shown in), a styryl amine content polycarbonate (refer to Appl.Phys.Lett, 61 
volumes, 2503 pages, and 1992), and the following structure expression 
[0025] 
[Formula 3] 



[0021] 
Formula 1] 
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[0026] (— the inside of a formula, and R13 and R14 — each — alkyl groups, such as t-butyl and 
cyclohexyl, a cycloalkyl machine, etc. are shown independently) and [0027] 
[Formula 4] 



[0028] (~ the inside of a formula, and R15 and R16 — each — alkyl groups, such as t-butyl and a 
dimethylamino machine, an alkylamino machine, etc. are shown independently), azomethine zinc complex 
(refer to Jpn.J.Appl.Phys., 32 L 511 page, and 1993), and aluminum complex [ that is shown in the following 
structure expression ] (refer to JP.5-198377.A and JP.5-214332.A); 
[0029] 
[Formula 5] 



[0030] (— the inside of a formula, R17, or R19 — each — independent — alkyl groups, such as a hydrogen 
atom and a methyl group, R20, or R22 — each — a hydrogen atom, a halogen atom, alpha-halo alkyl group, 
alpha-haloalkoxy machine, an amide group, a carbonyl group, a sulfonyl machine, carbonyloxy group, an 
oxy-carbonyl group, etc. are shown independently) and [0031] 
[Formula 6] 



[0032] (the inside of a formula, L1 , or L5 — each — independently, a hydrogen atom and the hydrocarbon 
group of carbon numbers 1-12 are shown, and it may join together mutually and L1, L2, and L2 and L3 may 
form the ring) etc. ~ it is mentioned 5-200nm of thickness of the organic blue luminous layer 4 is usually 
1 0-1 OOnm preferably. 

[0033] Although an organic luminous layer can also be formed by the same method as an organic electron 
hole transporting bed, a vacuum deposition method is usually used. While raising the luminous efficiency of 
the above-mentioned blue luminous layer, it is the purpose which makes the light filter for blue adjust an 
emission spectrum, and it is also effective to dope the blue fluorochrome which has the quantum yield of 
high fluorescence by making the above-mentioned blue luminescent material into host material (J. to refer 
to Appl.Phys., 65 volumes, 3610 pages, and 1989). As a blue fluorochrome to dope, an anthracene, a 
perylene, a coronene, A benzopyrene, a benzo chrysene, a benzo anthracene, a benzo naphthacene, Fused 
aromatic ring compounds, such as a picene, pen TAFEN, HEKISASEN, and ANTAN lndanthrene, A coumarin 
440 (7-amino-4-methyl coumarin), a coumarin 2 (4, 6-dimethyl-7-ethyl coumarin), A coumarin 339, a 
coumarin 47 (7-diethylamino-4-methyl coumarin), A coumarin 466 (7-diethylamino coumarin), a coumarin 
1 38 (7-dimethylamino cyclo PENTA [c] coumarin), Coumarin compounds, such as a coumarin 4 (7- 
hydroxy-4-methyi coumarin) and a coumarin 480 (2, 3, 5, 6-1 H, 9, 9a, a 4H-tetrahydro-8-methyl kino 
RIJINO-<1-gh> coumarin), An acridone, 4, and 4-screw (x, y-dicyano styryl) biphenyl, Quinolone -2 
compounds, such as tetrapod phenyl butadiene and 7-dimethylamino-1-methyl-4-trifluoromethyl quinolone, 






AZAKINORON compounds, such as 7-dimethylamino-1-methyl-4-trifluoromethyl-8-AZAKINORON, Styryl 
benzenoid, such as 1 and 4-screw [4-[5-(4-biphenylyl)-2-oxazolyl] styryl} benzene, Pyrazoline compounds, 
such as a benzofuran compound [, such as a 1 and 3-diphenyl iso benzofuran ], 1 , and 5-dipheny|-3-styryl- 
2-pyrazoline, 2-amino -Pteridine compounds, such as 6, the 7-dimethyl -3, and 4-dihydropteridine-4-ON, 
are mentioned. The amount in which these blue fluorochromes are doped by the aforementioned host 
material has the desirable 1 0-3-1 0-mol range of %. 

[0034] The organic green luminous layer 5 is formed on the organic blue luminous layer 4. Like the material 
used for an organic blue luminous layer as a compound used for the organic green luminous layer 5, the 
electron-injection efficiency from conductive-layer 2b is high, and it is required to be the compound which 
can convey the poured-in electron efficiently. For that purpose, to be the compound which the impurity 
which an electron affinity is large, and electron mobility is moreover large, is further excellent in stability, 
and serves as a trap cannot generate easily at the time of manufacture and use is demanded. Moreover, 
the role which brings about green luminescence in the case of the reunion of an electron hole and an 
electron is also ********. Furthermore, it is also important to give a uniform thin film configuration in 
respect of the stability of an element 

[0035] As a material of an organic green luminous layer, metal complexes (refer to JP,59-194393,A, 
Jpn.J.Appl.Phys., 32 L 514 pages, and 1993), such as an aluminum complex of 8-hydroxyquinotine, a 
NAFUTARU imide derivative (J. Electrochem.Soc, 139 volumes, 3610 pages, 1992), a thiadiazolo pyridine 
derivative (refer to JP,3-37292,A), a pyrrolo pyridine derivative (refer to JP,3-37293,A), a NAFUCHI lysine 
derivative (refer to JP,3-203982,A), etc. are mentioned. These compounds may be used independently, and 
you may use them if needed, mixing respectively. 

[0036] 5-200nm of thickness of the organic green luminous layer 4 is usually 10-100nm preferably. 
Although an organic green luminous layer can also be formed by the same method as an organic electron 
hole transporting bed, a vacuum deposition method is usually used. It is required for the above-mentioned 
organic green luminous layer to dope partially the red fluorochrome which has the high quantum yield which 
emits light on the wavelength of 600nm or more in the whole layer, and to make the filter for red adjust it. 
Although coumarin coloring matter, fused aromatic ring coloring matter, merocyanine coloring matter, 
phthalocyanine dye, xanthin coloring matter, an acridine dye, azine coloring matter, etc. are mentioned as a 
red fluorochrome used for this purpose, a 4-(dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl)-4H- 
pyran (DCM), phenoxazone 9, and phenoxazone 660 grade are mentioned preferably. It can dope to field 5b 
which touched conductive-layer 2b as shown in drawing 2 as a method of doping these red fluorochromes 
partially to the above-mentioned green luminous layer, or as shown in drawing 3 , it can dope to field 5c 
which touches the blue luminous layer 4, or it is possible to dope to 5f of fields inside a green luminous 
layer, as shown in drawing 4 . The amount in which these red fluorochromes are doped by the 
aforementioned host material has the desirable 10-3-1 0-mol range of %. 

[0037] While raising the luminous efficiency of the above-mentioned green luminous layer, it is the purpose 
which makes the light filter for green adjust an emission spectrum, and it is also effective to dope the 
green fluorochrome which has the quantum yield of high fluorescence by making the above-mentioned 
green luminescent material into host material (J. to refer to Appl.Phys., 65 volumes, 3610 pages, and 1989). 
In this case, as for the field where a green fluorochrome is doped, it is desirable that it is the field where 
the above-mentioned red dyes are not doped. As a green fluorochrome to dope, 3-(2'-benzo 
MIDAZORIRU)-7-N and N-diethylamino coumarin (coumarin 535), A 3-(2-benzothiazolyl)-7-diethylamino 
coumarin (coumarin 540), 2, 3, 5, 6-1 H, 9, 9a, a 4H-tetrahydro-8-trifluoromethyl kino RIJINO-<1-gh> 
coumarin (coumarin 540A), A 3-(5-chloro-2-benzothiazolyl)-7-diethylamino coumarin (coumarin 34), A 4- 
trifluoromethyl-piperidino [3 and 2-g] coumarin (coumarin 340), An N-ethyl-4-trifluoromethyl-piperidino [3 
and 2-g] coumarin (coumarin 355), An N-methyl-4-trifluoromethyl-piperidino [2 and 3-h] coumarin, 9- 
cyano -1, 2 and 4, 5-3H, 6H, and 1 0H-tetrahydro — coumarin compounds, such as -1-benzo PIRANO [9, 
9a1-gh] kino lysine-10-ON (coumarin 337), — Xanthin coloring matter, such as 2 and 7-dichloro full 
ORESEN, a tetracene, a Quinacridone compound, etc. are mentioned. The amount in which these green 
fluorochromes are doped by the above-mentioned host material has the desirable 10-3-1 0-mol range of %. 



[0038] In this invention, since it has the field where the laminating of the organic luminous layer is carried 
out to the turn of a blue luminous layer and a green luminous layer from the electron hole transporting-bed 
side as mentioned above, and the aforementioned green luminous layer contains a red fluorochrome, while 
each luminescence of blue, green, and red can be made to perform efficiently, blue, green, and each red 
luminescence intensity can be adjusted, and the balance of the white light can also be adjusted. 
Furthermore by the above-mentioned lamination of an organic thin film, the luminescence property which is 
stabilization and was stabilized to crystallization etc. for a long period of time is brought about. 
[0039] The thing of lamination as shown below is mentioned as structure of the organic 
electroluminescence devices of this invention. 



[Table 1] an anode plate / an electron hole transporting bed / organic blue luminous layer / organic green 
luminous layer / cathode — anode plate / electron hole transporting-bed / organic blue luminous layer / 
organic green luminous layer/ — an electronic transporting bed / cathode anode plate / electron hole 
transporting bed / organic blue luminous layer / organic green a color luminous layer / volume phase / 
cathode anode plate / electron hole transporting bed / organic one — in the blue lamination a luminous 
layer / organic green luminous layer / electronic transporting bed / volume phase / cathode above- 
mentioned, an electronic transporting bed is for improving the efficiency of element further, and a 
laminating is carried out on an organic luminous layer It is required for the compound used for this 
electronic transporting bed that the electron injection from cathode should be easy and electronic 
transport capacity should be still larger. As such an electronic transportation material, it is [0041], for 



[0043] The system (refer to Appl.Phys.Lett, 61 volumes, 2793 pages, and 1992) which distributed the 
OKISA diazole derivative (refer to Appl.Phys.Lett, 55 volumes, 1489 pages, 1 989;Jpn.J .Appl.Phys., 31 
volumes, 1812 pages, and 1992) of ** and them to resins, such as PMMA, or n type hydrogenation 
amorphous carbonization silicon, n type zinc sulfide, n type zinc selenide. etc. are mentioned. 5-200nm of 
thickness of an electronic transporting bed is usually 10-100nm preferably. 

[0044] Moreover, in the above-mentioned lamination, a volume phase is for raising contact in cathode and 
an organic layer, and, similarly an aromatic diamine compound (refer to Japanese Patent Application No. No. 
48075 [ five to ]), a Quinacridone compound (refer to Japanese Patent Application No. No. 1 16204 [ five 
to ]), a naphthacene derivative (refer to Japanese Patent Application No. No. 1 1 6205 [ five to ]), an organic 
silicon compound (refer to Japanese Patent Application No. No. 116206 [ five to ]), an organic phosphorous 
compound (refer to Japanese Patent Application No. No. 1 1 6207 [ five to ]), etc. are mentioned. 
[0045] 2-100nm of thickness of a volume phase is usually 5-30nm preferably, instead of preparing a volume 
phase — the near cathode interface of an organic luminous layer and an electronic transporting bed — the 
above-mentioned volume phase material — more than 50 mol % — you may prepare the field to include In 
addition, it is also possible to carry out a laminating to the order of conductive-layer 2b, the organic 
luminous layer 4, the electron hole transporting bed 3, and conductive-layer 2a on structure contrary to 
drawing 1 , i.e., a substrate, and at least one side is able to prepare the organic electroluminescence 
devices of this invention between two substrates with high transparency, as mentioned above. Similarly, it 
is also possible to carry out a laminating to structure contrary to drawing 2 - drawing 4 . 
[0046] For producing a full color display device, the light filter which has blue, green, and a light- 



[0040] 



example. 
[Formula 7] 



[0042] 
[Formula 8] 




transmission property corresponding to each red color is prepared using the organic electroluminescence 
devices which carry out white luminescence of this invention. The reappearance range and color purity of a 
color as a display device are decided by the property of this light filter. It seems that the structure of the 
organic electroluminescence devices of a full color display where either of the patterns was equipped with 
the light filter is shown in drawing 5 although there are a stripe and both patterns of a mosaic as a pattern 
of a light filter. 

[0047] In the element structure shown in drawing 5 , each light filters 12, 13, and 14 are formed between a 
glass substrate 1 1 and the transparent electric conduction electrode 1 6 (it abbreviates to ITO an indium 
stannic-acid ghost and the following) which is an anode plate. White luminescence from organic 
electroluminescence devices emits light by the pattern of RGB through each light filters 12, 13, and 14 
after penetrating ITO. As a method of a light filter, although there are dyeing, pigment-content powder, 
electrodeposition, printing, etc., when it thinks from thermal resistance, a pigment-content powder type is 
desirable. Moreover, the interference filter of an inorganic system is sufficient The polyimide which 
distributed carbon as a black matrix 15, a chrome oxide, etc. are mentioned. The display quality equipped 
with the contrast which was excellent by establishing a black matrix is attained. It is possible to maintain 
the color balance of white luminescence by controlling the driver voltage of the light-emitting part 
corresponding to RGB, or changing each luminescence area. 

[0048] The drive method of the organic electroluminescence devices the full color display equipped with 
the above-mentioned light filter has a simple matrix drive and an active-matrix drive. In a simple matrix 
drive, element structure becomes what was shown in drawing 5 . An active-matrix drive is needed for the 
mass display purpose, the active-matrix circuit which consists of TFT and a capacitor is needed 
corresponding to each light filter, and an active-matrix circuit is formed on the same substrate as a light 
filter and organic electroluminescence devices in this case. 

[0049] It is the method which chooses the organic electroluminescence panel of one line of this invention 
at a time in the direction of X to the pixel which consists of organic electroluminescence devices arranged 
at the matrix of XY, gives the status signal of each pixel from the electrode of the direction of Y, the 
selection signal of one line of the direction of X is operated at a time, takes a round, and displays a full 
screen. In this panel, a memory is given on the circuit of each pixel. It is because the display which a pixel 
will emit light and continued as the whole screen only at the moment of being chosen cannot be performed 
only by passing current only at the time of selection (state where the status signal is given by setting the 
scanning electrode of a certain pixel to being turned on) unlike the case of liquid crystal. Then, the memory 
for taking a round of a screen from the time of selection, and maintaining a display state during the time of 
the next selection is needed on a circuit And it considers as the circuit in which a current drive is possible. 
Specifically as compared with the drive circuit for liquid crystal, the current density which flows for an 
element usually becomes 1000 or more times. 

[0050] Although the above is the function of a fundamental circuit, it is further taken into consideration 
that contrast is fully still larger as a display panel, that the numerical aperture of a screen is large, that 
there is no cross talk, etc. The active-matrix drive circuit which becomes drawing 6 from the TFT (TFT) 
and the capacitor for one light-emitting part is shown. In this circuit, it consisted of two TFT (TFT1, TFT2) 
and one capacitor (C) for every pixel, and current drive and memory nature are realized. Although driving 
signals have two electrodes (a SCAN electrode, DATA electrode) and it is similar with the object for liquid 
crystal, there is a COM electrode as an object for current supply sources, and it differs in that voltage is 
always impressed. 

[0051] Operation of an element is explained below. Although TFT is expressed as FET on the circuit 
diagram of drawing 6 , fundamentally, TFT is MOS-FET, and similar similar structure and operation, and can 
perform source drain inter-electrode switching with gate potential. How to give the signal for a drive 
chooses for every line, and gives the signal of ON or OFF for every pixel in the selected line. The electrode 
for choosing is a SCAN electrode and the electrode which gives a signal is a DATA electrode. Now, when a 
selection state (input signal of a SCAN electrode), i.e., a SCAN signal, is HIGH, TFT1 will be in ON state 
and the potential of a bipolar electrode FE will be set to HIGH with LOW, if it is LOW, if a DATA signal is 



HIGH. Therefore, if a DATA signal is HIGH, TFT2 is set to being turned on and output potential (potential of 
a pixel electrode) serves as HIGH. Moreover, if a DATA signal becomes LOW, TFT2 will be set to being 
turned off and output potential will serve as LOW. Then, although TFT1 is set to being turned off when a 
SCAN signal becomes LOW, i.e., the state where it does not choose, even if the potential of a bipolar 
electrode FE is held by Capacitor C, and it does not change but a DATA signal changes, the state of 
output potential does not change. It is a time of the signal with which the lines which contain this pixel 
again differed before by being set to HIGH in the selection state, i.e., a SCAN signal, being given to a DATA 
electrode that output potential changes. By this circuit, even if it is a current drive type, the drive of an 
active matrix is attained. 

[0052] As a material of TFT used for an active-matrix circuit, amorphous silicon (a~Si) and polycrystal 
silicon (poly-Si) and a cadmium selenide (CdSe) are mentioned. As TFT structure, what is called reverse 
stagger type is adopted preferably. As a typical example, a-SiTFT of reverse stagger type structure is 
shown in drawing 7 . a-SiTFT is formed on a glass substrate 21. As a gate electrode 22, Mo, Ta, aluminum, 
CKs), those cascade screens or alloys, etc. are used. A gate electrode is usually formed of an electron- 
beam-evaporation method or a spatter. As a gate insulator layer 23, a silicon nitride (SiNx) is used and the 
laminating of the i type a~Si layer 24 and the n+ type a-Si layer 25 is carried out on it A silicon nitride 
(SiNX), an i type a-Si layer, and n+ A type a-Si layer is usually continuously formed by the plasma CVD 
method. n+ After forming an aperture in the type a-Si layer 25, the source and the drain electrodes 26a 
and 26b are formed. The source and the metal same as a drain electrode as a gate electrode are used. In 
above-mentioned a-SiTFT, induction of the charge is carried out to an i type a-Si semiconductor layer 
front face by gate potential, and the existence of the charge performs source drain inter-electrode 
switching. n+ Type a-Si is a contact layer for making movement of the charge to an electrode smooth. 
[0053] A capacitor and an electrode intersection are made into the structure which can be formed 
simultaneously with TFT production using the insulator layer for TFT. Since a capacitor is formed between 
the COM electrodes of constant potential, it serves as circuitry strong against a noise. The cross-section 
structure of the example of an active-matrix circuit formed on organic electroluminescence devices and 
the same substrate at drawing 8 is shown. An active-matrix circuit portion (TFT32 and capacitor 33) is 
covered with an insulating layer 36. IT035 which is a transparent electrode is formed on the light filter 34, 
on it, the laminating of the electron hole transporting bed and the organic luminous layer which are the 
portion 37 of the organic layer of organic electroluminescence devices is carried out and cathode 38 is 
formed further. The above-mentioned insulating layer 36 is formed in order that a leakage current may 
prevent flowing or connecting too hastily between the source / drain electrode of TFT, and cathode. What 
has isolation voltage possible [ patterning by the photolithography ] as a material used for the above- 
mentioned insulating layer 36 and sufficient is usable, as an example, a silicon oxide, a silicon nitride, etc. 
are mentioned and these insulator layers can be formed by CVD, the plasma CVD method, the spatter, the 
vacuum deposition, etc. It is possible to form the above-mentioned insulating layer using a photopolymer 
except inorganic material, and only the process that carries out patterning of the usual photoresist in this 
case is required, and it is simple. Moreover, considering as a black matrix is also possible by using the 
polyimide which contained carbon in the portion of this insulating layer. Patterning of cathode [ as / in the 
matrix structure indicated until now ] is not required of the example shown in drawing 8 , and formation of 
cathode 38 and the organic layer 37 is good at whole surface uniform membrane formation. Therefore, after 
forming the organic luminous layer 37, passing through the photolithography process which gives a damage 
to an organic luminous layer is avoided, and the whole process is also simplified. 

[0054] The example of plane configuration of an ITO pixel electrode and an active-matrix portion is shown 
in drawing 9 . In a full color display, the light filter is prepared between each ITO electrode and the glass 
substrate, and, as for the array of this light filter, a stripe array, a mosaic array, a delta array, etc. are 
mentioned. In the organic electroluminescence devices of the above active-matrix drives, it is controlling 
the driver voltage of the light-emitting part corresponding to RGB, or changing each luminescence area, 
and it is possible to maintain the color balance of white luminescence. 

[0055] in this invention, by carrying out the laminating of a blue luminous layer and the green luminous 



layer as an organic luminous layer of organic electroluminescence devices, and making a green luminous 
layer contain a red fluorochrome, stable and efficient white luminescence is enabled, a full color display 
device can be produced by combining with a light filter, and it is further based on an active drive by 
combining with an active-matrix circuit — highly minute and a mass full color display are possible 
[0056] 

[Example] Next, although a synthetic example and an example explain this invention still more concretely, 
this invention is not limited to the publication of the following examples, unless the summary is exceeded. 
The organic electroluminescence devices which have the structure shown in example 1 drawing 2 were 
produced by the following methods. 

[0057] It exhausted using the oil diffusion pump until it installed in the vacuum evaporation system and the 
degree of vacuum in equipment was set to 2x10 to 6 or less Torrs, after ultrasonic cleaning and pure water 
performed what deposited 120nm of indium stannic-acid ghost (ITO) transparent electric conduction films 
on the glass substrate by rinsing and isopropyl alcohol and the acetone performed dryness, and UV / ozone 
washing with ultrasonic cleaning and dryness nitrogen. 

[0058] N, N'-diphenyl which are shown below as a material of the organic electron hole transporting bed 3 
- N, N' - (3-methylphenyl) -1, the V-biphenyl -4, and the 4-diamine (H1) were put into the ceramic 
crucible, it heated at the tantalum line heater around a crucible, and vacuum evaporationo was performed. 
[0059] 
[Formula 9] 
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[0060] The temperature of the jar which gets at this time was controlled in 130-150 degrees C. The degree 
of vacuum at the time of vacuum evaporationo is 1.9 - 1.7x10-6Torr, and obtained the organic electron 
hole transporting bed 3 of 60nm of thickness by the 0.01-0.35nm [/second ] evaporation rate. Next, 
vacuum evaporationo was performed for the oxazole complex (E1) of the zinc shown below as a material of 
the organic blue luminous layer 4 similarly on the above-mentioned organic electron hole transporting bed 3. 
[0061] 

[Formula 10] 




(E1) 



[0062] The temperature of the jar which gets at this time was controlled in 200-205 degrees C. The degree 
of vacuum at the time of vacuum evaporationo was [ 0.15-0.25nm /and the thickness of 1.5x10-6Torr and 
the evaporation rate ] 30nm a second. Next, vacuum evaporationo was performed for 8-hydroxyquinoline 
complex (E2) of the aluminum shown below as a material of the organic green luminous layer 5 similarly on 
the above-mentioned organic blue luminous layer 4. 
[0063] 

[Formula 11] 




[0064] The temperature of the jar which gets at this time was controlled in 260-265 degrees C. The degree 
of vacuum at the time of vacuum evaporationo formed 1,5x10~6Torr on 0.1-0.18nm [/second ] vacuum 
evaporationo conditions, and the evaporation rate formed first organic [ of 150nm of thickness ] green 
luminous layer 5a. Next, the red fluorochrome which is shown below simultaneously with 8-hydroxyquinoline 
complex of the above-mentioned aluminum, A 4-(dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl)- 
4H-pyran (DCM) (R1) is evaporated from the jar which was heated at 100-105 degrees C and which gets 
independently, a red fluorochrome (R1) — 8-hydroxyquinoline complex (E2) of aluminum UNIMU — two- 
mol % — contained luminous layer 5b was formed 
[0065] 
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(R 1 ) 

N(CHa)2 



[0066] Finally the alloy electrode of 2 yuan of magnesium and silver was deposited by 150nm of thickness 
by the simultaneous vacuum deposition as cathode. As for vacuum evaporationo, the film with which gloss 
has 4x10-6Torr and vacuum evaporationo time in 4 minutes and 30 seconds was obtained using the 
molybdenum boat as for the degree of vacuum. The atomic ratio of magnesium and silver was 10:1.5. Thus, 
when the direct current voltage of the minus to plus, and magnesium and a silver-alloy electrode (cathode) 
was impressed to the ITO electrode (anode plate) of the produced organic electroluminescence devices, 
this element showed uniform white luminescence. The luminescence property of this element is shown in 
Table -1, and an emission spectrum is respectively shown in drawing 10 . Crossing this emission spectrum 
to a 400-700nm large light field, the above-mentioned element has full color display capacity. The 
chromaticity coordinate of this element for which it asked from this emission spectrum was 
x=0.335;y=0.415. 

[0067] Next, the result which separated the color of white luminescence from this element using the light 
filter is shown in Table -2. The used light filters are Fuji Photo Film 9 [ SP~] (for blue), SP-10 (for green), 
and SP-11 (for red), and show the spectral characteristic of each filter to drawing 1 1 . As balance of each 
color of a full color display, it is blue:green:red =7.7:65.8:25.6 and it is satisfactory by taking adjustment with 
a light filter to perform a full color display at all. Moreover, the luminescence brightness of each color can 
be further raised by using a light filter with a still larger light transmittance from what was shown in drawing 
1J_ . The CIE chromaticity coordinate of the above-mentioned element and the coordinate of the above- 
mentioned light filter are shown in drawing 12 . It turns out that it is close to the ideal white luminescence 
W (x=0.333;y=0.333). The balance of white luminescence from the above-mentioned element does not have 
a dependency over driver voltage, and stable white luminescence was obtained. 

[0068] The organic electroluminescence devices which have the structure shown in example 2 drawing 4 
were produced by the following methods. Like the example 1, after forming the organic electron hole 
transporting bed 3 and the organic blue luminous layer 4, 10nm vacuum evaporationo of the 8- 
hydroxyquinoline complex (E2) of aluminum was carried out, and the laminating of the organic green 
luminous layer 5e was carried out on the above-mentioned organic blue luminous layer 4. next, 8- 



hydroxyquinoline complex (E2) and the red fluorochrome (R1) of the above-mentioned aluminum — an 
example 1 — the same — carrying out — simultaneous vacuum evaporationo — carrying out — a red 
fluorochrome (R1 ) — 8-hydroxyquinoiine complex (E2) of aluminum UNIMU — two-mol % — contained 
luminous layer 5e was formed by 10nm of thickness Then, 5g of organic green luminous layers which 
consist of a 8-hydroxyquinoline complex (E2) of aluminum UNIMU was again deposited by 10nm of 
thickness. Finally the alloy electrode of 2 yuan of magnesium and silver was deposited by 150nm of 
thickness by the simultaneous vacuum deposition as cathode. As for vacuum evaporationo, the film with 
which gloss has 4x10-6Torr and vacuum evaporationo time in 4 minutes and 30 seconds was obtained 
using the molybdenum boat, as for the degree of vacuum. The atomic ratio of magnesium and silver was 
10:1.5. 

[0069] Thus, the luminescence property of the produced element is shown in Table -1. A CIE chromaticity 

coordinate is x=0.259;y=0.318 ( drawing 12 ), and shows the result which separated the color of white 

luminescence from this element using the light filter like the example 1 in Table -2. 

The organic electroluminescence devices of the structure shown in drawing 2 like an example 1 were 

produced except having used the phenoxazone 660 (R2) shown below as an example 3 red fluorochrome 

(R2). 

[0070] 
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[0071] The luminescence property of this element is shown in Table -1. A CIE chromaticity coordinate is 
x=0.297;y=0.318 ( drawing 12 ), and shows respectively the result which separated the color of white 
luminescence from this element using the light filter like the example 1 in Table -2. 

the green fluorochrome and Quinacridone (G1) which are shown in example 4 organic green luminous layer 
5a below — 0.4-mol % — the organic electroluminescence devices shown in drawing 2 like an example 1 
were produced except having made it contain 
[0072] 
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(G 1 ) 

H O 

[0073] The luminescence property of this element is shown in Table -1, and a color-separation property is 
respectively shown in Table -2. 

the green fluorochrome and coumarin 540 (G1) which are shown in example 5 organic green luminous layer 
5a below — 1.2-mo) % — the organic electroluminescence devices shown in drawing 2 like an example 1 
were produced except having made it contain 
[0074] 
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[0075] The luminescence property of this element is shown in Table -1, and a color-separation property is 
respectively shown in Table -2. It is possible to produce a white light emitting device with full color display 
capacity by controlling the amount of each thickness of an organic blue luminous layer and an organic 
green luminous layer and the green fluorochrome contained on each class, and a red fluorochrome so that 
clearly from the example 1 shown above - an example 5. 
[0076] 
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[0078] The result of the luminescence property after saving just behind production of the element 
produced in the example 6 example 1 and in a vacuum is shown in Table -3. The preservation stability of 
the element which the remarkable rise of driver voltage is not seen, does not have decline in luminous 
efficiency, either, and was stabilized was acquired. 
[0079] 
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[0080] 

[Effect of the Invention] Since an organic luminous layer moreover has the lamination which used the 
specific compound, when according to the organic electroluminescence devices of this invention an anode 
plate (anode), an electron hole transporting bed, an organic luminous layer, and cathode (cathode) were 
prepared one by one on the substrate, and voltage is impressed by using both conductive layers as an 



electrode, the white luminescence property stabilized for a long period of time can be acquired. Therefore, 
the organic electroluminescence devices of this invention can consider the application to the light source 
(for example, the light source of a copying machine, the back light light source of a liquid crystal display or 
instruments) and the plotting board which employed the feature as the field and field emitter of a flat-panel 
display (for example, the object for OA computers and a flat TV) efficiently, and a beacon light, and the 
technical value is large. 



[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section view having shown one example of the organic electroluminescence devices 
of this invention. 

[Drawing 2] The type section view having shown other examples of the organic electroluminescence 
devices of this invention. 

[Drawing 3] The type section view having shown the example of others of the organic electroluminescence 
devices of this invention. 

[Drawing 4] The type section view having shown another example of the organic electroluminescence 
devices of this invention. 

[Drawing 5] The type section view having shown an example of the full color display device using the 
organic electroluminescence devices of this invention. 

[Drawing 6] The active-matrix circuit diagram for the organic electroluminescence-devices drive of this 
invention. 

[Drawing 7] The example of the TFT structure where it is used for the drive circuit of the organic 
electroluminescence devices of this invention. 

[Drawing 8] The type section view having shown the example of organic electroluminescence devices 
equipped with the active-matrix circuit of this invention. 

[Drawing 9] The TFT drive circuit plan of the organic electroluminescence devices of this invention. 
[Drawing 1 0] The example of an emission spectrum of the organic electroluminescence devices of this 
invention. 

[Drawing 1 1] The light-filter spectral characteristic used in the example. 

[Drawing 1 2] The CIE chromaticity-coordinate view of luminescence of the organic electroluminescence 
devices of this invention. 
[Description of Notations] 
1 Substrate 

2a, 2b Conductive layer 

3 Electron Hole Transporting Bed 

4 Organic Blue Luminous Layer 

5 Organic Green Luminous Layer 

5a, 5d Organic green luminous layer by which the red fluorochrome is not doped 
5b, 5c, 5f Organic green luminous layer by which the red fluorochrome was doped 



11, 21 T 31 Glass substrate 

12 Blue Light Filter 

13 Green Light Filter 

14 Red Light Filter 

15 Black Smart RIKUSU 

16 35 ITO (anode plate) 

17 Organic Electroluminescence Layer 

18 38 Cathode 

22 Gate Electrode of TFT 

23 SiNx Insulator Layer 

24 I Layer A-Si 

25 N+ Layer A-Si 
26a Source electrode 
26b Drain electrode 

32 TFT 

33 Capacitor for Accumulation 

34 Light Filter 

36 Insulating Layer for Active-Matrix Circuit Protection 

37 Electron Hole Transporting Bed and Organic Luminous Layer 



[Translation done.] 
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S^SffcStt, WH¥2-3 1 1 5 9 1%!^ 
ftT^SfcK^VMfc^tU fcgtfWIU. 9 5 0. 9 

5o^$a£fa«2nTv^>^v{t£^ ***u 

/l/^U^V (App i. Phys. Lett. , 5 
9#, 2 7 6 0 H. 1991 «<0W4^tfW 

[0 0 15] ±EO^«iE?Llia#fi(4«Wffi«*V^ 
«««ffit«fc?)««E»«a2 a±fc«M«C fcfcj; 

oiE?LiftaH3*jBia-rs. $*©«£«* MfiBL* 

£{fc^£ 1 flXfi 2 aw± ± t) IEIL© h ? v 
U xeyn-hj*«o^ffit:j:0»««2a±fcSW 

(afttTWttiEJLiftaasj&^iS-rSo ^w^- 
<, soaa%ttW»*u\ 

[0 0 16] KffiSHIffi©«^Kt4, a#. W^iE?LM 

a*ffl*«ffiS«rtK»B«*ift;vy#tAtu ass 

40 »rt*»Sftl^#y.7T?l 0-6To r rSSlcSTfiP 

So «BE?uiaa*je*-r*i», ^e>tc7*-tr7^ 

(WM¥4-3 2 04 8 4#4HWfiH) , ^V!/7i^ 
y»ift:atff^7iyvRi» («r«¥4-l 
0 6 9 7 7 WS) , 75-Uy^ (WB¥4 - 1 4 4 

4 7 9##S0 * 1 0-3^P> 1 osa%©ii J ST + F-7 
bT, 7U-**U7tbTOIE7l££j#£ti\ igmff 
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(4) 

5 

[0 0 17] E7LMM3®feJ9tt, BUT; 1 0-3 0 
Onnu *t?£L<li3 0~l 0 0nmT^5 o tlfOcfc? 

aniens,, m?ui>aw3©ttSfctTti, &ttft£to 

[00 18] jE?UftaSIB3fc:ffl^e»ns»«ttfii:LT 

Ein60»«iE?L*ft3aSJB(iCVDte, 

iEfl.lfi^©«««ttjE?LIII3atlRlttt, SMT, 1 
0-300nm, iff* b< £3 0~ 1 0 0nm7?£5o 
[0 0 19] IE?lJ(^3©±fc:tt*«llfta)WB4)V 

Lfrfc*?M>«tf**<* *€> (cottier <r*i> 5 

[0020] c©<t5=a:*ft*aifc-rttSfc tr, Tie 30 

2 7 4 5 2WK) : 
[002 1] 

tttl] 

r ? z "i 




6 

[0 0 2 2] G&k R 1 ft^tRB tt, *^»Ufi«i:, 
**JS^ Any>|?, 7;l/*;l^ 7^;l/*;l/g, 

r^3^^*;V^-;l/S. *;l/**5/;l/S, 7/1/3 

te%mmm$mm%*u M&Be, zn, c<k a 

K Ga, In, Sc, Y, Mg, Ca, S r, Co, 
CuXttN'ifc^U nttl*»5 3STOfittW 

(S*ft^K. 1 1 6 2H, 19 9 2$; j&fflftJI. 
6 2#. 101 5H, 1 99 3m^) : 
[0023] 
[ft 2] 




[002 4] R» fc^LR^tt, fc^aifc, 

zk*JK^ t -7^«W>7;]/*;«« 

^to ) , X*U;l>7Sy#W#l>#-#*-h (Ap 
pi. Phy s. Lett., 6lS, 2 5 03H, 1 
9 9 2£MD , T=EH5EE«fc:^**^^7!/-;l'»l 
Wft (0*fl^6K. 1 5 4 OH. 19 9 l^md ; 

[002 5] 

[ft 3] 



[0 0 2 6] (3$*> Rl3;&tfR 14 lis t [0 0 2 7] 



[0 0 2 8] RlSatfR^tt, ft^ttfifc:, t 

;i/75/»**to ) , 7V*?vWMm (J p 

n. J. App 1. Phy s. , 3 2#, L 5 1 1 H, 
1 9 9 3*#BB) , TfE&^tC^^/l^x^A&ft 
mM¥5-l 98 3 7 7*ti^ tfB¥5-2 1 4 3 

[0 02 9] 



[ft 5] 




[0 0 3 0] (aS*. Rl7^^LRl9(i, ^ffirtCs 

& a-ZNUT/Vn^i^Sx 75 F& #;l/#x;l/g^ 

[003 1] 
[It 6] 




[0 0 3 2] OCT, L 1 ftl^LL 5 Ji, 

H\ ii^, 5-2 0 0nm, #£L<ttl 0-1 00 n 
[0 0 3 3] ^«S^&««iE?LN»» 2:^(0^ 

(J. Appl. Phys. , 6 5#, 3 6 1 OK. 1 



(5) 

s 

(7-7^y-4-^^;V^vU» , £^U>2 
(4, 6-^^-7-xf-;W^vy» , f?vy 
3 39, ^VUV4 7 (7-^*x^;l/7 = y-4-^^ 
/^YUV) , ^U>'4 6 6 (7-^x^;l/7^y^ 

t'J» , ^vjyi38 (7-y^f-;P7^y^^a 

[c] ^V'JV) . ^W>4 (7-fcHn+S/ 
-4-^f-^^VUy) , ^7UV4 80 (2, 3. 
10.5, 6-1H. 4H-f h7tKD-8-^^yU 
SV-<9, 9a, l-gh>^Vj» ^©^V'jy 

ftato, r^y hx 4, 4' -trx (x, y-*jt/r 

yX^U/W tT7xx;k fh77x-;W^xy, 
7 - *;I/7 5 y - l - * 4 - HJ 7 ;M* n * 
^;l/*yn>*e©*yny-2ftatt, i-*J*f-)VT 
5 y - l - y ^ - 4 - h U 7 n y f-^- 8 - 7if 
*yn>^tD7*f*yny{t£1& 1. 4-l£X {4- 
[5- (4-tT7x-U;l/) -2-**"*y»J;l/] 

•j;H ^^-tfy^tox^u^v^vit^ 1. 3- 
20 t/7 x x;i/-r y ^> V7 7 y^<o^yVy v vftpll, 

1, 5-i ? 7xx;b-3-X7 Ci ;;b-2-lf-7 , '/Uy# 
oe^VDVfcafk 2-7^/-6. 7-&**)l- 
3, 4-^t Kn7 p -rUv 7 y-4-^^fO"/xU^>' 

[003 4] *r8IWfe5g#Jl 4 0±fc*i*lW»fe58WH 

Rfcite^«fcM-«fflfc#&n3o set, 

So 

[003 5] t^OT^tltti, 8-tF 

5859- 1 9 4 3 9 3%^. Jpn. J . Appl. 
Phys. t 3 2#, L5 1 4H. 1 9 9 3*M*HD , 
t7W5 FSI&ft (J . Elect roc hem. 
S o c . . 1 3 9#, 3 6 1 OH, 1992^), ^7 

*jy m v is>mmw ootf 3-37292 
vffl . vuuwvymmft (^¥3-37293 

9 8 2*ti v $g#m) w^n*. cne©ifc'&* 

so ^UTffifflLTtJ:V\ 



^¥7-142169 



(6) 



10 



c o o 3 6 ] tum&swm 4 <o&m±. am, 5-2 

OOnm, L<1*1 0-1 OOnmT^. 
HSfeSSMttt, 6 00 nmUU:OjftfiT?«3tr** 

fcbTtt^y^fe*. tt£3?W@Hfe** *ni/7- 
yfefH> 7^n^r-^6*. ++J-y^yfe^ 7^u 

4- (iti/7y**Uy) -2-**;l/-6- (p-S> 
>tf-;l/75/X^U;P) -4H-tT^> (DCM) , 7 
x/*-*V»9* 7i;^^6 6 0W?>tl 

fc«Lfc»*5bfcF-:/Lfc9* ^3(C*T<fc5^ 
WfeR)W4fc»t*W5cfcF-;/bfc»K ^4lC 

F-72ti5*ti 1 O-3-l Otn^OEHAWS 

CO 0 3 7] ±ffi»fe»£JBO»«»Wlfll±*-B:<5fc 
t h HcftftX* 5 V * ^ - 7 << )V $ - fc m& 

1"5clt (J. Appl. Phys. , 65#, 361 
OH. 1 9 8 9^#«0 t>W»T*S 0 C<D«^ 

afe«^ft*fctTtt, 3- (2* -^vi^s^/u 

;W -7-N. N-^xf;l/7 = /^7U> (3^1) > 
5 3 5), 3- C2-^yyf-7^/U;W -7-5?Xf- 
;t/7^/?vU V (^ij>5 4 0) , 2, 3, 5, 6 
-1H, 4H-f b7bKn-8-hU7^n^f;V 
*/>»V-<9. 9a. l-gh>^U> (^vy 
>5 4 0A), 3- (5-^ua-2-^>!/fT % /U 

4-hU7;^D^^-^U'>V [3, 2-g] * 
ViJV (£VUy3 4 0) , N-X^/l'-4-HJ7;l' < 
^D^lz-fc^DSV [3, 2-g] £VU> (^V 
U>3 5 5) , N-^^;P-4-hU7;l/^D^^;V- * 



*tr^y^/ [2, 3-h] t~?vy, 9-*>7y-i, 

2, 4. 5-3H. 6H. 1 0H-fh7tl Fn- 1 - 
^yVtT^y [9, 9al-gh] */'JS?V-10- 
(^V'J>3 3 7) SO^vyyfc^flj, 2, 7- 

[0 0 3 8] *SlBfcfc^m £0x£4)<£ 5 

[0 0 3 9] «Ewo«Wff«yfi*?o«sfti: tr 

20 [0 0 4 0] 

[a 1 ] PiS/iE?L^^/^tiW&^^/#^^ 

m/m® 

n*. com^nKawftfflif^nsft^WKtt, mesa* 

[004 1] 



[ft 7] 



[00 4 2] 
[ft 8] 



[0043] mottvvrv-Mtmfr (a P P 1 . 

Phys. Lett. , 5 51, 1 4 891, 1 9 8 9 
^; Jpn. J. Appl. Phys. , 31 #, 18 
1 2H, 1 99 2WS0 Wtl6*PMMA«©«tS 
t^MRUft* (Appl. Phys. Lett. , 61 



2 7 9 31, 1 9 9 2¥#M) . Xttnl!#*fl:# 

Wen^o «**5M®IWM;* ii^> 5-2 0 0 
nnu »SL<(41 0-1 00nm7?^ e 
[0044]$fcsl^C<. ±XEff>mm&K1&VC* ft 
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mx*%>K>, ^mm f JT^y{t-m mots -4 so 

7 5##B8) s FXtfctt (»0¥5- 1 1 6 

2 0 4^#M) , 1"7**LVWm W5-l I 6 
20 5 WHO , W*^U3>ft^tt OfRTS-l l 
6 2 0 6^#BS) , £»U VftAfll («fBff5- l l 6 
2 0 7WBB) WW6n«o 

[004 5] &ffim<omm&, ant, 2-ioonm, 

A, HI fcttiffl©*3fi, BPS* Sffi±£MJB2b* W 

KttOJS^ 2tt©^0|fflt*»W0=&a«lftSBW : ? 
^RttSCfcfcwrffi-CfcSo H2-H4fctt2fi 

o*sk«wt * t 1 1 prfl6?a&*o 

CO 0 4 6] *»WOfife«3lfi*'r&^«Wlft«3W : ? 
fcffl^T, 7;1/*9-0S3^?*fl«*5fc»* 

*-£{f * fc 7 ;^7H^iWff««lifOiifi 

C004 7] B5fc^Ufc*?«iBicfcovr, 
7^^-12, 13, 1 4tt^f7^StSl 1 i:PWP 
&3MWOT&1 6 (^^^-XXSKtl^ W 
T, ITOfcttf) fc©HfcJB/a*nfto OTfflfflBt 
*W6oefe««l4 I TO*ajfi«, &#^-7^;l/ 
^-12, 13, 1 4£®LTRCB<D^£-yT*fgft 
T£ c ^^-7^;I/^-^^^LTfi, Jftft, 

aftbfctf'MSK*, »fc*n2*WW&ri* 0 7" 

r\ &&fflt<»&>^y7,*t%cth^m-?&%o 

[0 0 4 8] ±fE£>#5-7^ >l$-%ffiZ.Tc7)W7 
Jgh5y^X#£*^V>2fc^6>&£7*7V7''^ 

HJ*x@i&*fo&Hi:fc!>* r^f^7*'V 



22 

[0 0 4 9] *»WOWW8ff^5*^^ XYOV 
til 0 0 0f&W±fcft* 6 

[ooso] initfm*w&®^imT*$>z>t>\ se> 

X* (TFT) tnyf f >"9-t^e^§7^T^7'- v 
HJ^XBftElBfcatro *@«S-ettMJR«h: 2 
TFT (TFT K TFT 2) fclOOH^f^ 
(C) fr6«ff*tU ««ttty*Utt*ll«tT^ 
§o MWi^ffllC2O0«i CSCANSff, DATA 

!6fflfcLTCOM«»^o, ttfc*Etfflitas*iT^ 

[00 5 1] WTteJR?a>»flF*«aS-rSo 06£»g 
0±-ptiTFT*FETfcUTg^LT^5^ TFT 
fiMWfcttMO S — F E T tmNLLItfflA • »lftT*& 
0, y-h«ffifc«fc?>v-x • KU-rveffiKOX^'y 

a, i7^f>*iciRu a«*nft7>r>^©#saR 

^tONA^OFF^O^*#A5 8 sft-r«fcae>o« 
itfSCAN«iT*0, l^iSWDATA 
IggT'^So t^3£, aW«flBBP^SCANW (SCA 
Nttl(0W]fi« tfH I GHO^F, T F T 1 fiON« 
^tC^O, ifBWFEOtffittDATAiftfH I G 
HftfcH I-GHIC, L0W^e>L0Wi:^^o ^^>T, 
DATAlftfHIGH46TFT2l40Nfcft»)x W 
^mfi (®^«^©«{fi) (4H I GHk« 0 D 
ATA<iWLOWJ8:6tfTFT2(4OFFfc3a:0, * 
^UtttiLOW^^So *Oft, SCANimo 

w, bps, ^amttfltt&om, TFnaoFFfc 

tflSSiF EO*iaii3>r^C(:J:»)jS8* 
T£nT£fctf1\ DATAW*WfctTtai**fflO 
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h i GHtcfco, imt&wtvttm&DAiTAtm 

So 

[005 2] 75tj7- vHJ^XIHBtcffl^nS 
TFT<0*#ttfcLT«\ INM'>U3y (a-Si), 
Wb^'^V (poly-Si), -bUy{fc*K5f 
A (CdSe) tfW6tt£ 0 TFTISiitLTfi, M 

&WlfcUT, &X*;*rS«$ft©a-S i TFT£^7tC 
^■To 7!f7Xli2 10±fca-S i T F T&0/££n 
§o y-h«tt2 2 fcl/Ctt, Mo, Ta, A 1, Cr 

B*e-A&«ffi*X^*ffifcJ:DOTi* 
n§o ?-Hft»B2 3i:UTttx 5"J3yS<tB (S 
iN x ) tffflV^tU ^©±lCi^a-S iE24hn 
+ga-S iM2 5)WHJB*n*. 5"J=i>S<fcB (S 
iNx), iSa-S iJRfttfn + ia-S 1 £tt* ft 
^X^CVDffit*0ii«tT«««ti5o n + 
gJa-S iJB2 5(Cffi*m/abfcftt, V-X&tfKU 
^yfi2 6a, 2 6b^^-T§e V-X, KWy 

ISOa-S i TFTtC^Tte, hBffilCfcO i £! 
a-S i WftflSlfiEBffijt^SfU ^OTOO* 
&fc«fcDy-X« HWvMKOX^yf-ft^fr 
So n + Sa-S iB«fr\0«SC»«*RiBttfi 

C 0 0 5 3 ] a y? >-9-R tf TFT 
B»*flH\ TFT^tTOC^T't^ii^-r 

^MlfiR^^R tfra-SBLhC ft fc 7 9 r * 
7 • v h y ^x@Kffl©»fiii1KiS^to 7£r >r 7 • 
ThU^X@HSas» (TFT3 2&tfnyry9-33) 
(4*ft«JB3 6T?«B«n*o SflWiT** I TO 3 5 
ti*7-7^l'*-3 40±fc#J«T£ftTJ3iK 
fc=fi*«II^B?©W«JB0as»3 7"P**jE?UKSfi 

ft£ 0 ±8SI6«H3 6aTFTOy-X/KH'>«ffi 
ft^TO^LTti, 7*hyy^57* 

t?, RtmtVT&s PV^ymtm, ^v^ymtm 
§wen, cft&oift»wicvD& ??x*c 

VD^ x/<?m Mi»fc*0£ja«2:fc* , "e 

B*fclfr«Cfc#Fre?, C©*fcttft1»07*hl/ 
$>Xh*/<*--V^SM£ttT.Uffl«-C**o 



(8) 

5*^«cfcfc<fc0^?*vhy y*xM-*£i 
stress v h y *x«J6(cfctt* j; a MS©/**- 

iy»T^<, Itf 3 8£frBfl3 7©$j£B£ 

-ryn-bX*«*cfctf»^6tu -£ftt>lgfcfflBft: 
[0 0 5 4] B9ICI TOBJR*ffi:7*7--f:? - vh 

Ttt, ftIT0*ffifc^XSfifcOIBIIC*7-7-f;I/ 

^-rtflfitt&ftTfctK CfiD;b5-7^1/*-©iB7iHi 
Xh 7^712^ WW, xJl^EWWWe 

n§ 0 ±§E©<fc5&7£7vy • Thy ?xst!i©w$ 

BISWWFfcfcl^Ttt, RGB fcajS«£)ttaiW)e 
[0 0 5 5] *3BfilLi3V^m llBBJBBWWW 

* - S c fc <fc 0 7;V# 

fWPtx Sfcfc, 72tV7'« vhy^XIalBfciH* 

M7;l>*5-BwOTrfi&'«So 
[00 5 6] 

imam ^m^mRummmic^rm 
[0057] ^xsfeitii-ryy^A • xxawufc 

(I TO) aWiTOlZOnmKMUfcfeom 
h^-eae»«s», MtKTtWJE, -ryyn^W/l/n- 

b-vmmam. uv/^-y>sE^ 

^2xi O^T o r rOTKftSSTifflKttaK^^ffl 

40 [0 0 5 8] W40E?Ufi3lUB 3 i: LT, OTtc^ 
•tN, N' ->*7i-;l/-N, N* - (3-^^;V7x 
- - 1 , T -tT7x-;l/-4, 4' -^7=y 
(HI) *-fe75y**0(feA*U SO(£©HBO* 

[00 5 9] 
[ft 9] 



50 
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(9) 




(HI) 



CH 9 H a C 

[0 0 6 0] C(DB$<D%'0&(DU&lZs 130-15 0 

x,<Dm®?*mLrc 0 mmtif<Dn&mt.i. 9-1. 7 

x l O^To r t?&K>, ^iSj£gO. 0 1-0. 3 5 
n m/l^flW 6 0 n m£>W&IE?Ltfi&Jg 3 2fc 

(El) *±ISW$IE?Li£l&Jg3<D±fc 

[006 1] 



Cfki o] 




[0 0 6 2] CO^flD5OlfOiBatt2 0 0 — 2 0 51C 
<OlEST*»bfCo 1 • 5X1 O^T 

o r r, mmmmteO. 1 5-0. 2 5nmm flgj? 

(±3 0nmt^fco mwsfcmMsotmt 
tttt (e 2) *±e«i»fta3tJi4flp±fcra«icuT 

[0063] 

lit 1 1 ] 




<E2> 



[0 0 6 4] C0TO£O(££D£ag&2 6O~2 6 5 < t 
©«Sffl-C*J»Lfc. 3g®$Z>fi£fili 1.5X1 0-GT 
orr, «ti££(i0. 1-0. 18 nm/#« 
frTfJBS 1 5 0 n mO«mK%3W 5 a J&ft-fJ&fib 

IgttfclWfc* #Tfc***feaftfeifc 4- (S>S/7 
y^^-UV) -2-^^;b-6- (p-y**;I/75/ 
Xf-U;W -4H-«> (D CM) (R 1) £100 

-l ost:T«tfc»§-o(^e^^^ ifcfest 

ft&il (Rl) #7;W£*-A0 8-fcFn*s/*,/y 
(E2) fc2*/V%«nfc«3W5b*JML 




(Rl) 



io [0 0 6 6] S^tCi^^LT, V^^*>AtSg£D^ 
Mffi« 2 TtmmMmc J; o TglJf 150n mm 

1 0-6 To r r, Mfflli 4 #3 0©T31fiiRO»*jH 
We»nft. v^*S/»>Afc«OJgTOttl 0 : 1. 5 

I TOM® (MS) t^7X, ^M^SA • 

i chm) tcv^txtoE^E^mto-rsi:, com 

^- 1 fc, fgftx^ h;l/*H 1 0fc*4rz^ o c<»% 
20 ftX^£ 4 0 0~ 7 0 0 n mOI&^WRXMi&tC 
toftO, ±i^tt7rt/*7-©**tt*J**iLT^ 

tt, x = 0. 33 5;y = 0. 4 1 5?*ofc 0 
[0 0 6 7] &fc, C©3KW&Ofife«^*A9-7 
^^-^ffl^Tfe^Lfc^m^-2^^0 
Lfc*5-7*;1/*-BS±«7*;W> («0 TOS 
P-9 (Wfl) , S P- 1 0 GBffi) , S P- 1 1 (M 

7;l/*7-a^O*fto^7yxtUTid:, W:*t:^ 
30 =7. 7:6 5. 8:2 5. 6 *77>f;l/^- 
t M c & fc «fc t> 7;!/* 5-mt*fi vzt 

&±<rm%i\ tits hi ncssLfcfcojDS&fc 
*3ffii*<o*ti^7--7-r;i/^-*ffifflf acfcif* 

60«flWtt*6tsSMCfc3V'P**o H-l 2fc± 
ISHt^OC I Efeg^fcJ:fc5S>7-7-f;V$r-<Dffi«l 
*a%to" JfflBWftaft»flW (x = 0. 3 3 3 ; y = 
0. 3 3 3) Kifi^Cfctfb^So ±IB}RWSOafe 

« [0 0 6 8]HSS^J2 

8-HKn*^*/y Vftft (E2) £ 1 OnmlfL 

<J >m (E 2) fcj*fe8#ft* (R 1 ) MBBHW 1 
HttKtTTOMtT, (RD #7^ 

■5^-A©8-tKo*S/*/Uy«» (E2) £2* 
so tifc«ittl 5 e «fBJ? 1 0 n mT^tftLfco £ 
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# (E2) 3^e««mBM&»W5 g$JKVl Onm 

&n* 2 Tttommmz * tesj? ison m^nsM 

1 O^Tor r, mmffltt 4#3 O0T?«iR©*«« 

tfisenfco v^s/^Ataoja^jttti o : 1. 5 

[0 0 6 9] C0«k5fcLTffflLfcJ»©»>mte* 
1 £5VTo C I x = 0. 2 5 9 ; y 

= 0. 3 1 (012), £KZ*F*»&0afi« 

ftfcHfifiWl fcHSHcLT*5-7-f/l/*-MftvCfe 

»3 

*fe«^fiJI6 (R2) fctT, OTJc*vr7x/*^/ 
>6 6 0 (R2) £ffl^fcCfcWfl>y\ ftffl0!llJ:im 

CO 0 7 0] 
Hfcl 3] 




CR 2) 



[0071] c<om?<Dmmmm- 1 c 1 

Efe£ffiSW\ x = 0. 2 9 7;y = 0. 3 1 8T*&0 

(0i2), co*^6oeea«*iatffiii 

2fc&**t 0 

mm 4 

*r«»fefB1GJB5ate, JWTte^-r»fi*5ttfeiR, 
*y FV (G 1) *0. 4 fcUWi 



(10) 

* mm 1 1 rawc t x ® 2 jc^rtttraisi^*?*^ 

HLfc, 
[00 7 2] 
[ftl 4] 




(G 1 ) 



io [ 0 0 7 3 ] C (3MIWO»3Wft*a- 1 fc , fe#JB1# 
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